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• Turbulence encounter trends

• Objectives

• DC-8 Lidar turbulence detection installation

• Fourth Convection and Moisture Experiment (CAMEX-4)

• Gust / Cloud penetration sample

• Example lidar line-of-sight velocity data 

• ACLAIM 2-micron backscatter experience

Project Summary of the 2-micron 
ACLAIM Lidar on the NASA DC-8

Introduction



Sources of Turbulence

Convective Induced

Enroute Wake Vortex

Jet-stream InducedMountain-wave Induced

Kelvin-Helmholtz
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Objectives

- To obtain operational experience in high moisture 
environment with large backscatter variations from a variety 
of clouds, clear-air and very clean air

- Assess performance near cloud entry and exit

- Evaluate range of detection of light to moderate turbulence

- Validate Lidar wind shear measurement capability

- Validate atmosphere backscatter design model 

- Demonstrate Lidar functionality at cruise speed and altitude



General Principle of Doppler Radar/Lidar
Turbulence Measurement

updraft

downdraft

Doppler
Turbulence Sensor

Pulse  transmitted Energy scattered off of naturally-
occurring moisture or aerosols

Relative wind induces a Doppler frequency 
shift in the backscattered light; this frequency 

shift is detected by the sensor

Lidar Pulse Envelope (50-100 meters)
Radar Pulse Envelope (~300 meters)

Lidar“Pencil” Beam
Width 10-20 cm

Beam
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Turbulence
Radar Beam
Spread 3.5°



Lidar System Flight Demonstration

Airborne Coherent Lidar for Advanced In-Flight 
Measurements (ACLAIM) CAMEX-4 Flight Tests



 Curre nt Nomina l A CL AIM Sensor Sp ecif icat ions

Parameter Value

Wave length, λ 2012.5 n m.

System eff iciency, η   14.5 %

Pulse Ener gy, Ex ~ 8 mJ

Pulse dura tion 550 ns

Tele scope diameter, 2a 10 cm

TEM0 0 bea m d iameter, Db = 2 ωo 8 cm

Focal le ngth, F 2 km

Pulse re petition freq uenc y (PRF ) 100 Hz

DC-8 Lidar Hardware and Specifications



Moderate
Turbulence

Moderate
Turbulence

Light/No
Turbulence

Ahead

T=71 sec

T=46 secT=42 secT=34 sec

Moderate
Turbulence

- ”Isolated” moderate turbulence region in light turbulence
- Detected ahead and observed as aircraft approached
- Moderate turbulence observed aboard aircraft (25 sec later)
- Aircraft traversed through turbulence and into smoother air

Sample Turbulence Encounter

Electra LIDAR Airspeed Results 
in Turbulence Encounter

Light 
Turbulence

Ahead

T=0 sec



Moderate
Turbulence
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ACLAIM Data:  CAMEX-IV and Electra

Play movie



CAMEX-4 Data Analysis Examples

3 Cases:

•August 25, 2001  Forward looking 
- Strong signal with large vertical  acceleration

•September 10, 2001 Upward, Forward and Down looking 
- Wind shear measurement
- Signal return in smooth air
- Cloud and ocean surface returns

•September 19, 2001 Forward looking 
- Good prediction of gust



Flight DC-8 
Flight# Date Flight 

Duration
Flight 
Type Target Other A/C Data 

(GB)
Data 
(CDs)

ICF1 8/3/2001 ICF - 1.0 3
ICF2 8/8/2001 ICF - 2.0 5

1 01-04-06 8/18/2001 5 Andros Island ER2 7.6 15
2 01-04-07 8/20/2001 8 CAMEX Chantal ER2 8.9 17

3 01-04-08 8/25/2001 2 ICF buoy off Cape 
Kennedy

5.0 10

4 01-04-09 9/3/2001 5 KAMP Keys ER2, P3 8.0 16
5 01-04-10 9/6/2001 2 KAMP Keys / TRM 7.1 13
6 01-04-11 9/7/2001 5 KAMP Tampa - Gulf ER2 11.0 20
7 01-04-12 9/9/2001 5 KAMP Keys 11.0 20
8 01-04-13 9/10/2001 8.5 CAMEX Erin 18.2 35
9 01-04-14 9/15/2001 6.5 CAMEX Gabrielle 16.0 29
10 01-04-15 9/19/2001 5 KAMP Keys 12.0 22
11 01-04-16 9/22/2001 8 CAMEX Humberto ER2, P3 20.1 37
12 01-04-17 9/23/2001 8 CAMEX Humberto ER2, P3 +3 19.7 36
13 01-04-18 9/24/2001 8.25 CAMEX Humberto ER2, P3 21.9 40

76.3 169.6 318

ACLAIM CAMEX-4

Camex-4 Flight Summary



Date > MDT       >  LGT to MDT        > LGT     
2001

Aug. 18    2 3 3
Aug. 20 1 1 3
Aug. 25 1 1 3
Sept. 3 1 2
Sept. 6 1 3
Sept. 7 2 6
Sept. 9 3 5
Sept. 10
Sept. 15 1 3 5
Sept. 19 2 5 7
Sept. 22 1 5 9 
Sept. 23 1 3 3
Sept. 24 1 3 5
Total 10        31 54

Preliminary Tabulation of CAMEX-4  
Turbulence Encounters

Subjective turbulence intensity rating legend:
> LGT Greater than Light peak-to-peak gust >  5 m/s, ∆G > 0.25 
> LGT to MDT Greater than Light to Moderate peak-to-peak gust >  9 m/s, ∆G > 0.45 
> MDT Greater than Moderate peak-to-peak gust > 13 m/s, ∆G > 0.65 



Case 1:  August  25, 2001 1715Z RADAR 



Case 1:  August  25, 2001 1730Z Visible Satellite



Case 1:  August  25, 2001 2000Z RADAR



Case 1:  August  25, 2001 2008Z Visible Satellite



Cloud and Gust Penetration Sample     08/25/01

Coherent signal-to-noise ratio

Lidar radial velocity









ICATS = Information Collection And Transmission System

Case 2: September 10, 2001 DC-8 Ground Track 



Case 2 September 10, 2001 Lidar Velocity vs Altitude

Play movie





Case 2 September 10, 2001 Lidar Velocity vs Range

Play movie



Case 2: September 10, 2001 Down-looking Comparison
Lidar Atmospheric Sensing Experiment (LASE) vs ACLAIM 





Case 3 September 19, 2001 Lidar Velocity vs Range

Play movie



2.096 um Backscatter Database
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2.096 um Backscatter Database
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• High altitude 50 % profile derived from GLOBE measurements at 1.06 um. 

Summary plots of 2um aerosol backscatter database collected over 1995-1996 in the continental US
Sub visible cirrus produces a 20 to 30 dB enhancement.

Previous 2 um Backscatter Database from Ground
Measurements Lack High Altitude Data Confidence
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• Approximately 5 hours (3600 5 second 
samples) of data (out of 40 hours of flight 
data) were compiled into this backscatter 
database.

• Forward looking data only
• Ignored cloud and sub-visible cirrus data 

thus using only background levels
• Ignored data when window was iced or 

fogged over
• Database is consistent with ground based 

measurements

Backscatter Data Envelope



Range vs. Altitude Performance Predictions

CNR and maximum range (FOM = = 1.76 dB) for 100 pulse averages at a
30 kft platform (left) and 40 kft platform  (right)

CNRnN
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Range vs. Altitude Performance Predictions
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CNR and maximum range (FOM = = 1.76 dB) for 1000 pulse averages at a
30 kft platform (left) and 40 kft platform  (right)

CNRnN



Accomplishment:
•   The Lidar system CAMEX-4 flight demonstration gathered information about 

the Lidar performance in high atmospheric moisture conditions.  This 
information is critical to assess the usability of the Lidar technology in the role 
of turbulence detection and to understand the Lidar contribution as an 
element in a multi-sensor comprehensive turbulence prediction and warning 
system

•  Gathered doppler velocity and 2-micron atmospheric backscatter data for high 
altitude clear-air cruise conditions.

• Showed the utility of 2-micron Lidar in and through light cloud conditions. 

Plans:
• Continue evaluation of flight data and assessment of Lidar performance in 

related flight environments to refine and solidify the Lidar role in turbulence 
prediction and warning systems.

Lidar Benefits:  
• Lidar technology enables the detection of turbulence in situations where there 

are no visual cues (clear air) or weather radar returns to indicate its presence

Aviation Safety Program
Technical Accomplishment



Flight Conditions Encountered by the 2-micron 
ACLAIM Lidar during CAMEX-4

Closing  Remarks

•   Sampled a wide range of in-cloud and clear-air lidar beam-
path distances (55 hrs)

•   Documented clear-air 2-micron backscatter experience

•   Lidar and airplane true airspeed data agree

•   ACLAIM successfully detected wind shear and gust 
perturbations at ranges up to 12 km 

•   Missions provided exposure to a wide operational environment

•   Potential lidar applications beyond turbulence prediction 
include gust component and wind shear detection 
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